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Aspirin use in the prevention of cardiovascular events has been a mainstay of treatment
for decades. However, the use of aspirin in primary prevention of atherosclerotic cardio-
vascular disease has recently come under scrutiny. Several recent studies have evaluated
the use of aspirin in primary prevention and the results suggest that in many patients the
risks may outweigh the benefits. Closer examination of these trials suggests that the use of
aspirin therapy for primary prevention may have a role but likely needs a more tailored
approach and that caution is needed in prescribing aspirin for primary prevention. In con-
clusion, in this article we review the evolving evidence for aspirin in the primary preven-
tion of atherosclerotic cardiovascular disease. © 2019 Elsevier Inc. All rights reserved.
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Acetylsalicylic acid comes from the compound “salicin,”
meaning “willow” in Latin.1 Galen and Hippocrates were
two of the first to describe the antipyretic and anti-inflamma-
tory effects of willow bark from which Henri Leroux would
later isolate the compound “salicin” in the early 1800s. It was
not until the 20th century that Lawrence Craven would dis-
cover that low doses of aspirin could prevent myocardial
infarction (MI) and stroke,2 which was later discovered to be
through its ability to irreversibly inhibit COX-1 and the sub-
sequent formation of prostaglandins and thromboxane A2
(promoters of platelet aggregation and vasoconstriction).3

Since that time, aspirin has been widely studied for the use
of prevention of atherosclerotic cardiovascular disease
(ASCVD). Although the role of aspirin for secondary preven-
tion of ASCVD has been well established in clinical trials, its
use in primary prevention is more controversial, as seen in
differing guidelines among professional societies. The aim of
this study is to examine the evolving evidence of aspirin for
primary prevention.
Review of Previously Published Reports

Aspirin’s role in the secondary prevention of cardiovas-
cular events is not in questions and should be continued
unless there are significant contraindications. The first large
trial to identify the role of aspirin in the prevention of
ASCVD mortality and morbidity after MI was the Interna-
tional Study of Infarct Survival trial in 1988.4 The use of
aspirin resulted in a significant reduction in the rate of MI,
stroke, vascular mortality, and all-cause mortality.4 Much
of this existing data has been compiled by the Antithrom-
botic Trials Collaboration. The results demonstrated that
treatment over 2 years had an absolute risk reduction in
patients who had a previous MI, stroke, or transient ische-
mic attack.5

In contrast to secondary prevention, the role of aspirin in
primary prevention is more nuanced. Risk stratification is
an important first step in determining appropriateness for
aspirin therapy. Many population-based risk estimators
exist such as the Framingham Risk Score, ASCVD risk cal-
culator, Joint British Society risk calculator, and the World
Health Organization risk charts. Risk calculators have a
critical risk prediction tool and are the basis for many
guidelines for risk stratification. The ASCVD calculator is
an example of a pooled cohort equation (PCE)6 that is
designed to be gender- and race specific to identify modifi-
able risk,7 and several recent guidelines including the 2018
Cholesterol Clinical Practice Guidelines8 and the 2017
Hypertension Clinical Practice Guidelines9 recommend the
use of PCE to estimate the 10-year risk for ASCVD events.

Briefly reviewing some of the major earlier primary pre-
vention trials dating back to the 1980s is important in
understanding the evolution of aspirin in this era, as sum-
marized in Table 1. A meta-analysis of the major earlier tri-
als for the use of aspirin was not associated with a lower
incidence of all-cause mortality (p = 0.30), but an increased
incidence in major bleeding (relative risk (RR) 1.47) and
intracranial hemorrhage (RR 1.33), confirming the lack of
benefit of aspirin for all-cause mortality, and revealed the
higher risk of bleeding in subjects without ASCVD risk.10

One of the early landmark studies was the Physicians
Health Study, which revealed a reduction in the risk of MI
in participants without cardiovascular disease who took
aspirin,11 but had a relative risk of gastric ulcers of 1.22.
The British Doctor’s Trial revealed a reduction in transient
ischemic attacks in the aspirin group, but no difference in
rates of fatal or nonfatal MI. Furthermore, the Women’s
Health Study revealed no significant effect on the risk of
fatal or nonfatal MI (p = 0.83) or death from cardiovascular
causes (p = 0.68) in the aspirin group. The Primary Preven-
tion Project included both genders and an intention-to-treat
analysis revealed that aspirin lowered the frequency of car-
diovascular death as compared with placebo, but with a
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significant increase in bleeding risk. These early trials did
not show a significant reduction in overall cardiovascular
mortality and raised concerns of an increase in side effect
profile (gastric ulcers, bleeding, and disabling hemorrhagic
stroke).

Patients with both type I and type II diabetes are a popu-
lation at high risk for cardiovascular disease. The Japanese
Primary Prevention of Atherosclerosis with Aspirin for Dia-
betes revealed no difference in the primary end point of
total atherosclerotic events in patients with type II diabetes
without a history of atherosclerotic disease.12 A similar
trial, the Prevention of Progression of Arterial Disease and
Diabetes trial did not provide evidence to support the use of
aspirin or antioxidants in the primary prevention of ASCVD
in patients with type I or type II diabetes.13 In the Preven-
tion of Progression of Arterial Disease and Diabetes trial,
patients had asymptomatic periphral arterial disease and
were already effectively treated with statin therapy, sug-
gesting that aspirin may not have much benefit if statins are
being used effectively.13 Both of these trials were of rela-
tively small populations and included patients with diabetes
who had no prior ASCVD and low ASCVD risk profiles.

Expanding on these initial studies, recent randomized
clinical trials have sought to answer the question whether
the benefit of aspirin is worth the risk of bleeding. The
Aspirin to Reduce Risk of Initial Vascular Event (ARRIVE)
trial published in 2018 enrolled 12,456 patients with moder-
ate ASCVD risk (mean Framingham Risk Score 10-year
risk of ASCVD 17%) and no history of cardiac events.14 In
the intention-to-treat analysis, a primary cardiovascular
event occurred in 4.29% of participants in the aspirin group
versus 4.48% in the placebo arm. Of the individual compo-
nents of the primary outcome, including MI (1.4% in aspi-
rin vs 1.6% in placebo group) and stroke (1.2% with aspirin
vs 1.1% with placebo) were not significantly different
between the 2 groups. However, the risk of total and nonfa-
tal MI (hazard ratio 0.53, and hazard ratio 0.55, respec-
tively) was reduced by aspirin in the per-protocol analysis,
and the relative risk reduction of MI in the aspirin group
was 82.1% for those aged 50 to 59 years. Of note, gastroin-
testinal bleeding was twice as likely in the aspirin
group compared with placebo, 0.97% versus 0.46%
(p = 0.0001).14 The event rates in this study were much
lower than anticipated, making this essentially a trial of
aspirin therapy in low-risk primary prevention patients who
by all current guidelines would not have been offered aspi-
rin therapy to begin with. Another important limitation of
this study is that compliance with therapy among the aspirin
group was only 60%, limiting the ability to draw definitive
conclusions about the effectiveness of aspirin therapy in
this trial. No conclusions about aspirin use in moderate- to
high-risk patients can be drawn from this study given the
low-risk population that was studied. The trial showed
the significant risk of gastrointestinal (GI) bleeding with
aspirin therapy, suggesting that lower risk patients may
experience more adverse effects from aspirin therapy than
benefits in primary prevention.

In 2018, The Effects of Aspirin for Primary Prevention
in Persons with Diabetes Mellitus trial (ASCEND)15 ran-
domized 15,480 patients with diabetes (any type) without
ASCVD to aspirin 100 mg daily or placebo. During an

www.ajconline.org
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average 7.4 years follow-up, aspirin reduced the primary
end point (first vascular event including MI, stroke or tran-
sient ischemic attack, or death from any vascular cause,
excluding any confirmed intracranial hemorrhage) by 12%
in relative risk and 1.1% in absolute risk. Vascular events
occurred in a significantly lower percentage of participants
in the aspirin group than in the placebo group (8.5% vs
9.6%). This risk reduction was largely offset by an increase
in major bleeding events in the aspirin group compared
with placebo (4.1% vs 3.2%, RR 1.29, p = 0.003).15 The
major driver of the increased risk of bleeding in the aspirin
group was gastrointestenial bleeding, and of these patients
only approximately 25% were on a proton pump inhibitor,
raising the question of whether increased use of proton
pump inhibitors would mitigate the risk of bleeding.

The recently published Aspirin in Reducing Events in the
Elderly trial (ASPREE)16 examined whether 5 years of aspi-
rin therapy extended disability-free years in the elderly (com-
munity-dwelling persons in Australia and the United States
age 70 or older, or age 65 and older among blacks and His-
panics). This is the largest trial to date examining the effect
of aspirin use in the elderly population. Of note, it was con-
ducted in healthy seniors with low ASCVD risk. At a median
follow-up of 4.7 years, the primary end point (composite of
death, dementia, or persistent physical disability) was 21.5
events per 1,000 person-years in the aspirin group versus 21.2
per 1,000 person-years in the placebo group. The rate of car-
diovascular events was 10.7 events per 1,000 person-years in
the aspirin group and 11.3 events per 1,000 person-years in
the placebo group. No significant differences in disability-
free years were seen with the use of aspirin. Additionally, no
major differences in ASCVD events were noted. The rate of
major hemorrhage was higher in the aspirin group than in the
placebo group at 3.8% versus 2.8%. The rate of GI bleeding
was also twofold higher in the aspirin group, 2.1 events per
1,000 person-years versus 1.1 events per 1,000 person-
years.16 This study suggests that aspirin use in healthy elderly
patients may result in harm with little benefit.

A meta-analysis of 13 randomized clinical trials (RCTs)
which included the 3 most recent trials (Aspirin in Reducing
Events in the Elderly, Aspirin for Primary Prevention in Per-
sons with Diabetes Mellitus, and ARRIVE) looked at the
association of aspirin use for primary prevention with
ASCVD events and bleeding. Aspirin was found to be associ-
ated with reductions in composite ASCVD outcomes, abso-
lute risk reduction 0.38%. However, aspirin use was found to
be associated with increased major bleeding events, absolute
risk increase 0.47% (95% confidence interval 0.34% to
0.62%) with number needed to harm of 210.17 This meta-
analysis is consistent with the previous data about the associa-
tion of aspirin with ASCVD risk reduction and bleeding risk
enhancement. The addition of these 3 new RCTs has not
affected overall results significantly.18
Discussion

Data related to the use of aspirin in the primary prevention
of ASCVD has evolved with several recent studies highlight-
ing the need for caution in recommending aspirin to patients
for primary prevention. Importantly, there are bleeding risks
with aspirin use, and the ASCVD risk reduction in primary
prevention appears to be modest. However, this does not nec-
essarily mean there is no role for aspirin in primary preven-
tion. As mentioned earlier, some of these studies had
methodological flaws making it difficult to draw firm conclu-
sions, including small population sizes, gender-specific stud-
ies, dosage variations, study populations with low- to
moderate-risk profiles or populations with risk factors already
well controlled with lifestyle interventions or statin use, and
problems with compliance/adherence in certain trials. Fur-
thermore, none of these studies examined high-risk primary
prevention patients. For example, the observed cardiovascular
event rate in the Aspirin to Reduce Risk of Initial Vascular
Event trial was 9% instead of the expected 17% making this
a relatively low-risk population. It is possible that high-risk
(>20%) primary prevention patients would significantly ben-
efit from daily aspirin therapy. In most of these trials, it was
assumed that if the decrease in the ASCVD event rate was
equal to the increased risk of nonfatal GI bleeding then this
was considered a “negative” trial. However, it is not clear
that patients or clinicians would agree with this stated equiva-
lence.

Using risk estimator calculators and Pooled Cohort Equa-
tions (PCE) can be paramount in risk stratification for clini-
cian and patient understanding. The American College of
Cardiology/American Heart Association (ACC/AHA) Risk
Estimator Plus19 is an excellent application to estimate a
patient’s initial 10-year ASCVD risk and help guide discus-
sion and customize individualized plans. Pooled Cohort
Equations, although useful for quantifying risk and helping to
guide discussion, may under- or overestimate risk in certain
populations.7 Although risk assessment calculators are the
main stay of categorizing patients’ risk, as it has been recom-
mended for initiation of statin therapy risk-enhancing factors
can be useful in stratifying at risk patients for ASCVD
and using aspirin for primary prevention. These risk-enhanc-
ing factors include family history of premature ASCVD, per-
sistently elevated Low Density Lipoprotein-Cholesterol
(LDL-C) levels, metabolic syndrome, chronic inflammatory
disorders, high-risk ethnic groups (South Asian), persistent
elevation of triglycerides, additional biomarkers such as high-
sensitivity C-reactive protein and apolipoprotein B, and
ankle-brachial index.8 The presence of these risk-enhancing
factors increases the probability of ASCVD in an individual.
For further clarity, and to resolve uncertainty in the decision
process, certain noninvasive imaging modalities can also be
used. The use of coronary artery calcium (CAC) score has
been proposed as a tool to determine which primary preven-
tion patients would benefit from aspirin therapy. One such
study used the Multi-Ethnic Study of Atherosclerosis data-
base to examine 4,229 nondiabetic patients not on aspirin
therapy20 and found that patients with CAC ≥100 had an esti-
mated net benefit with aspirin, whereas, patients with CAC of
0 had estimated net harm. CAC scoring is one modality to
assess the need for initiating aspirin therapy for primary pre-
vention. Although not supported by guidelines, imaging
modalities such as carotid ultrasound, arterial stiffness meas-
urements, ankle-brachial index, and echocardiography to
assess the atherosclerotic process may be used to gain addi-
tional clarity.21

The use of aspirin, like the use of statins, should first and
foremost be risk based. The decision to initiate aspirin use



Figure 1. Use of Aspirin in Primary Prevention, A suggested approach to medical decision making.

A flow diagram suggesting an approach for the use of aspirin for primary prevention. Start with calculating the patient’s 10-year risk for ASCVD using the

ACC/AHA Risk Estimator Plus. Then proceed to evaluating a patient’s individualized risk-enhancing factors and assess bleeding risk for that particular

patient. Conduct a clinician patient risk discussion regarding risks and benefits including patient preferences. Finally, come to a partnered decision and con-

tinue to reassess and reevaluate risk in future visits.
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should focus on net clinical benefit and be reevaluated peri-
odically to reflect both the patient’s preferences and pres-
ent-day medical best practice (Figure 1). Each patient may
vary in regard to their needs, values, and goals. There is
strong evidence for shared decision making and how it can
help successfully initiate dialogue between the patient and
clinician to implement various guideline recommendations
in primary prevention.22 An effective clinician-patient risk
discussion hinges on shared decision making and sufficient
time should be given during clinical visits.

Use of aspirin should not be static and may need to be
modified according to a patient’s risk factors for ASCVD
and/or adverse bleeding. If risk factors are well controlled
with statins, smoking cessation, ACE inhibitors, and life
style modifications then the risks of severe GI bleeding and
hemorrhage may not be acceptable.23 Furthermore, preven-
tive therapy with statins potentially has a larger role in pre-
venting ASCVD than aspirin use and has a more tolerable
adverse risk profile.23 It is also important to take into con-
sideration that most risk assessment tools are intended to
guide statin and antihypertensive therapy, although the
quantitative risk score obtained can help delineate and strat-
ify ASCVD risk to guide potential for aspirin use. There
does not exist a single, validated tool to assess the potential
benefits/risks for the use of aspirin. Perhaps an “AS-BLED”
analogous to the “HAS-BLED” tool can be developed in
the future to quickly and numerically assess and interpret
individualized bleeding risks associated with aspirin ther-
apy. Until then, the Aspirin Guide is an evidence-based,
well-reviewed tool to estimate bleeding risk along with
ASCVD risk score24 which needs to be validated in litera-
ture. Importantly, with current management and risk reduc-
tion strategies, risk should be considered dynamic. If risk
factors are well controlled, a patient’s ASCVD risk may
actually decrease over time.

In light of more evolving evidence and the three new major
trials which have added further evidence for higher bleeding
risk, the new ACC/AHA 2019 guidelines have recommended
to consider low-dose aspirin (75 to 100 mg orally daily)
among adults age 40 to 70 who are at a higher ASCVD risk
but not at increased bleeding risk, and to withhold aspirin for
primary prevention of ASCVD in adults over the age of 70
and among any patients who are at increased risk of bleeding.
Conclusion

The use of aspirin should not be a decision based entirely
on a population-based number, but rather a careful, deliber-
ated decision individualized for the patient. The notion that
ASCVD is a dichotomous variable (either primary or second-
ary) is an appropriate starting point for classification, how-
ever, not sufficient. The primary prevention population is an
extremely heterogeneous group of patients encompassing
very low- to very high-risk patients. Although, earlier clinical
trials in higher risk patients showed net clinical benefit of
aspirin therapy, the more recent clinical trials in lower risk
patients have been equivocal. So perhaps the question is not
whether primary prevention patients should receive aspirin
therapy, but rather which primary prevention patients should
receive aspirin, and which should not. ASCVD risk is a spec-
trum and clinicians should move toward improved individual-
ized risk assessment incorporating risk-enhancing factors and
if needed CAC scoring. Until further trial evidence, aspirin
use should likely be reserved for secondary prevention and
high-risk (>20%) primary prevention patients or those with
evidence of subclinical atherosclerosis after shared decision
making focused on net clinical benefit.
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